Introduction
Recent studies (1, 3, 4) lhave demonstrated that the salts of trichloroacetic acid (TCA) are soil sterilants and are, therefore, useful as herbicides for the control of annual and perennial weedy grasses. Since little information (1, 5) is available on the physiological action of TCA on plants, a study was made to determine its effect upon the various chemnical constituents of wheat seedlings. This paper presents data on respiratory activity and chemical analyses for amino acids, carbohydrates, and ether extract for the shoots and roots of wheat seedlings grown in soil treated with sodium trichloroacetate and non-treated soil.
Materials and methods
Seeds of spring wheat (var. Henry) were selected for uniformity of size and planted in sandy loam soil, contained in 40 flats. Each flat contained 400 plants, and two replications of 2000 plants each, grown in treated and non-treated soil, were used to obtain the material for analyses. Application of TCA (formulated as the water-soluble sodium salt of trichloroacetic acid and supplied by the Dow Chemical Company of Midland, Michigan) was made by mixing the salt in the soil at a rate of 168 mg. per flat or the equivalent of 30 lbs. per acre prior to sowing of the seeds. The soil pH was adjusted to 6.5 by the addition of lime. The application of TCA did not appreciably change the pH. The soil was kept moist with water for the duration of the experiment and the flats were kept in a greenhouse at temperatures ranging from 70 to 750 F during the day and 650 F at night. After 14 days the plants were harvested, dried, and separated into root and shoot tissue. The material was further dried at 700 C and 5 mm. pressure for for assay by the metlhod described by STOKES et al. (10) with the exception of the tryptophan samples which were prepared according to the method of WOOLEY and SEBRELL (13) . Carbohydrates were determined by the procedure outlined by SELL et al. (7) . The methods of analyses for nitrogen and ether extract were standard procedures (2) .
For respiration measurements plants were grown in treated and nontreated soil as previously described. Before the measurements were made, the plants were washed in aerated, running tap water for two to thlree hours. The rate of oxygen uptake was determined separately for shoot and root tissue of each plant in a standard Warburg apparatus in 0.02 M, pH 5.7 phosphate buffer (9, 11) . The shoots were cut into 5-mm. lengths for the respiration measurements while the roots were placed intact in the Warburg vessels.
Results and discussion The germination of the seeds was not affected when planted in soil previously treated with TCA. Signs of injury became evident about 10 days after planting when the seedlings developed roots, and the extent of injury increased as the root system became more widespread. The first noticeable symptom is the appearance of a yellow color at the tips of the older leaves. Eventually the entire leaf turns yellow, and the basal part of the leaf thickens with the formation of a dark green color resulting in the death of the seedling. Plants grown in the treated soil show retarded growth and the degree of injury is dependent upon the quantity of TCA applied.
The results of the chemical analyses are summarized in tables I, II, III, and IV. Each entry is the result of a single determination of each replicate. (table  IV) there was a higher percentage of reducing sugar and starch in the soiltreated plants than in the controls. Little difference was noted in the percentage of the non-reducing sugar and ether extract as a result of soil treatment. Only a slight reduction was observed in the acid-hydrolyzable polysaccharide due to soil treatment. The decrease in the percentage of non-reducing sugar in the shoots, the large increase of reducing sugar and starch in the roots, and the accumulation of protein in the shoots of the TCA-soil-treated plants suggest that the depletion of non-reducing sugar in the shoots results from its partial utilization in protein synthesis and the 
Summary
The shoots of wheat plants grown in soil treated with the sodium salt of trichloroacetic acid contained more protein, arginine, reducing sugar, and acid-hydrolyzable polysaceharide on a per cent. basis. Slight differences were noted in the other amino acids and starch with the exception of tryptophan which was less in the soil-treated samples. A decrease was observed in the percentage of non-reducing sugar, ether extract, unsal)onifiable material, and fatty acids of the soil-treated plants. The data expressed as per cent. of amino acid in the crude protein showed approximately the same amount of methionine and arginine and slightly less of the other amino acids.
The roots of plants grown in soil treated with sodium trichloroacetate showed a slight increase in the percentage of proteins and amino acids and also an increase in reducing sugar and starch. Little difference was noted in the amino acids (expressed as percentage of crude protein) with the exception of histidine and arginine which were slightly greater in the soiltreated plants. The presence of sodium trichloroacetate in the soil did not greatly alter the percentage of non-reducing sugar and ether extract.
Respiratory activity was greater in both the shoots and roots of the plants grown in soil treated with sodium trichloroacetate.
